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What is colour constancy? 
Colour constancy is the tendency 
of objects to appear the same 
colour even under changing 
illumination. A yellow banana 
appears yellow whether you 
see it in the tungsten light 
of the kitchen or in sunlight 
outdoors. Under these different 
conditions, the banana reflects 
very different light spectra to 
your eyes, but you see instead its 
unchanging material properties. 
That is, you see that the banana 
tends to reflect more light in 
the ‘yellowish’ region of the 
spectrum compared with other 
objects, regardless of the 
spectrum of light shining on 
all of them, and you conclude 
that the banana is inherently 
‘yellow’. Colour constancy is 
not a property of objects; it is 
a perceptual phenomenon, the 
result of mechanisms in the eye 
and brain. 
Why is colour constancy 
interesting? Colour constancy 
is a prime example of perceptual 
constancy. The visual system 
takes a variable input and 
converts it into a stable 
perception. Size constancy is 
another example. The image of 
a chair on your retina shrinks as 
you walk away from it, but the 
chair appears the same size. 
Your visual system compensates 
for the changes in the retinal 
image. Likewise, the material 
of the red chair cushion does 
not alter when you turn on the 
lights, and your visual system 
registers the same red despite 
the change in retinal stimulation. 
But unlike size or mass, colour 
is not a physical quantity in 
itself: the colour of an object 
depends on who is looking at 
it — a dog, a deuteranomalous 
(‘colour-blind’) boy, a woman 
with a cataract... The nature of 
colour has intrigued philosophers 
for ages. Around 500 BC, the Greek philosopher Parmenides 
argued that colour is a mere 
‘name’; a thousand years later, 
Galileo said colour resides only 
in the consciousness. Colour is a 
perceptual construct, and yet it 
is constructed to be constant, for 
unchanging objects.
Why do humans need colour 
constancy? Vision scientists 
generally assume that colour 
constancy is there to aid object 
recognition. Without colour 
constancy, colour would be 
an unreliable cue to object 
identity: your favourite coffee 
mug would change from pale 
green to grey at the flick of a 
switch; your rental car would 
be unrecognisable in the 
evening glow. But there is no 
proof that colour constancy is 
essential for object recognition; 
the role of colour itself, with 
or without constancy, is not 
fully understood. Some studies 
suggest that the super-fast initial 
stages of object recognition 
bypass colour completely, relying 
on shape only. 
Is colour constancy perfect? 
No. Some argue that if colour 
constancy were perfect, you 
would entirely discount changes 
in the colour of the illumination, 
and see all objects as if lit by 
pure white light. Yet you are 
aware of the colours of light 
(sunrise, sunset, forest green), 
and, if questioned, you are 
also aware that surface colours 
alter slightly under different 
illuminations. Monet took this 
awareness to the extreme 
in his serial paintings of the 
Rouen Cathedral, exaggerating 
the changes in colour as the 
day progressed from golden 
afternoon to mauve evening. 
Laboratory measurements also 
suggest that human colour 
constancy is less than perfect 
(see below). 
How is colour constancy 
measured? With difficulty. 
Traditionally, scientists have 
studied colour constancy using 
multi-coloured collages of flat, 
uniform patches (‘Mondrians’, 
named after the Dutch painter). 
These are especially easy to control and display using 
computers. Typically, the subject 
views two different Mondrians, 
each under a different light 
source (simulated or real), and 
adjusts the colour of a patch 
in one Mondrian to match 
its colour in the other. Some 
subjects give somewhat different 
responses depending on how 
exactly the request is phrased 
(‘match the colours exactly’ or 
‘match the papers from which 
they are made’); other factors 
also influence the matches, 
such as whether the Mondrians 
are viewed side by side, in 
succession, or with separate 
eyes. 
Another method is ‘achromatic 
adjustment’: the subject 
adjusts one particular surface 
to appear white under different 
illumination conditions. Perfect 
colour constancy here is 
inferred from perfect recovery 
of the illumination colour — the 
subject should make the ‘white’ 
paper appear yellow under a 
yellowish illumination, or blue 
under a bluish illumination. 
Other methods require subjects 
to name or categorise colours, 
rather than adjust or match. 
The extent of colour constancy 
measured varies enormously 
with the method: from very 
poor adjustment to over-
compensation for changes in the 
illumination. The best estimates 
converge on 80%, which tallies 
with our everyday experience.
Is colour constancy unique to 
humans? No. Bees, fish, and 
monkeys have all been shown 
to have colour constancy. Bees, 
remarkably, achieve a high 
degree of colour constancy 
despite having brain sizes some 
ten-thousand times smaller than 
the human brain. Their foraging 
success depends critically on 
recognising flowers by colour 
and shape. What comes naturally 
to animals, though, has been 
difficult to achieve in machines. 
Film photography is not colour 
constant; digital cameras and 
other image capturing devices 
must process the pixel signals to 
adjust for illumination conditions. 
Some processing algorithms are 
more successful than others, 
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It is now appreciated that 
bacteria are highly interactive 
and exhibit a number of social 
behaviours, such as swarming 
motility, conjugal plasmid transfer, 
antibiotic resistance, biofilm 
maturation and virulence. Many 
of these behaviours are regulated 
by diverse quorum sensing 
systems which are found in both 
Gram-negative and Gram-positive 
bacteria. Quorum sensing refers 
to the phenomenon whereby 
the accumulation of ‘signalling’ 
molecules in the surrounding 
environment enable a single cell to 
sense the number of bacteria (cell 
density), so that the population as 
a whole can make a coordinated 
response. This often leads to 
autoinduction of the signal, and 
so a rapid increase of signal 
concentration in the surrounding 
environment is observed. At 
critical cell densities, the binding 
of a regulator protein to the signal 
leads to the switch on of genes 
controlled by quorum sensing and, 
therefore, a coordinated population 
response. 
For a molecule to be classed 
as a quorum-sensing signal, 
there are a number of important 
criteria that need to be met: first, 
the production of the quorum-
sensing signal should take place 
either during specific stages of 
growth or in response to particular 
environmental changes; second, 
the quorum-sensing signal should 
accumulate in the extra-cellular 
environment and be recognized 
by a specific bacterial receptor; 
third, the accumulation of a critical 
threshold concentration of the 
quorum-sensing signal should 
stimulate a concerted response; 
and fourth, the cellular response 
should extend beyond the 
physiological changes required 
to metabolize or detoxify the 
molecule. 
Whilst the term ‘quorum sensing’ 
has been in general use since 
1994, cell-to-cell communication 
Primeralthough it is fair to say that the problem is still not solved. 
How is colour constancy 
achieved? It is still something 
of a mystery as to how your 
visual system achieves colour 
constancy, but scientists do 
agree that there is more than 
one mechanism involved. All 
mechanisms in some way require 
comparisons of the reflected light 
from different locations across 
the scene; colour constancy 
is a fundamentally contextual 
phenomenon. The simplest 
mechanism is adaptation of the 
photoreceptors in the eye — 
these adjust their sensitivity 
according to how much they 
are stimulated. If the amount 
of long-wavelength light in the 
overall illumination increases, 
the ‘red’ receptors will reduce 
their sensitivity, and so maintain 
a stable output. This chromatic 
adaptation takes time — albeit 
seconds. Other mechanisms may 
be more nearly instantaneous, 
such as spatial contrast. 
This is broadly the mechanism 
that Edwin Land proposed 
in his famous Retinex 
algorithm — so- named in order 
not to pin down the site to either 
retina or cortex. The Retinex 
compares the ‘red’ light reflected 
from a surface with the spatial 
average of ‘red’ light reflected 
from surrounding surfaces, 
and then does the same for 
the green and blue channels. 
These three ‘lightnesses’ yield 
colour. Although temporal 
adaptation and spatial contrast 
are both ‘low- level’ mechanisms 
which do not require any 
image segmentation or any 
interpretation of the scene, it 
is probable that long-range, 
near-instantaneous spatial 
comparisons do require cortical 
processing. In human colour 
constancy, ‘higher-level’ 
mechanisms may also contribute, 
involving object recognition and 
memory. 
Colour memory must play 
a role, at least in that to know 
whether a surface colour 
has changed or not requires 
remembering its colour from 
previous viewings. Memory 
colour may also contribute. If you recognise a particular object as 
a banana, you may remember 
its typical yellow colour, and 
use any deviations from this 
memory colour to determine 
the illumination colour and then 
correct the colours of other 
objects. ‘This banana is less 
yellow than it ought to be, so 
the illumination must be bluish.’ 
It might even be that you use 
your own skin to calibrate the 
colours of other objects — that 
you literally carry a critical ‘white 
balance’ in your own hands. 
What does the future hold for 
colour constancy research? 
Mondrians are unlike real 
coloured objects and colour 
adjustment tasks are unlike the 
tasks of everyday life. Mondrian 
stimuli do not possess specular 
highlights, surface irregularities, 
shading, shadows, mutual 
reflections or other reflection 
features due to three-dimensional 
shape, all of which, in theory, 
reveal information about the 
illumination colour. Neither can 
they reveal the role of memory 
colours of familiar objects. 
To determine whether colour 
constancy serves a vital purpose 
in improving object recognition, 
vision scientists need to measure 
the limits of colour constancy 
for real objects, using everyday 
tasks (‘is this the same object you 
saw earlier?’). There is a healthy 
new trend for such research. 
This understanding may in turn 
enable robots to make better 
use of colour, and scientists to 
understand better the stages of 
colour processing in the brain.
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